T he nightmare is defined as a disturbing mental experience that generally occurs during REM sleep and often results in awakening. 1 The typical nightmare is a coherent dream sequence that seems real and becomes increasingly more disturbing as it unfolds. The negative emotions characterizing nightmares usually involve anxiety, fear or terror but also include anger, rage, embarrassment, and disgust. Nightmares have also been differentiated from other intense dreams by the characteristic of dream imagery expressed as an unmitigated perception of external reality. 2, 3 Nightmare content most often focuses on imminent physical danger to the individual (e.g., threat of attack, falling, injury, death) but may also involve aggression toward others, potential personal failures, and other distressing themes such as suffocation. Dream and nightmare recall frequency can be assessed by retrospective and longitudinal questionnaires, nocturnal REM sleep, awakenings, and by diaries. Studies designed to compare different assessments of dream and nightmare recall have generally found a remarkably high correlation between assessment methods for dream recall frequency with questionnaire reports of dream and nightmare recall having been shown to have longitudinal consistency and retest reliability. 4, 5 Five to eight percent of the general population reports a current problem with nightmares. 6, 7 In some clinical populations including insomniacs, nightmares are reported at much higher frequencies. [8] [9] [10] Among individuals presenting at sleep laboratory facilities, nightmares are reported as a salient complaint by 16% of patients and positively correlated with reported lower sleep quality, and worse sleep and medical outcomes.
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Nightmare Association with Sleep Apnea
Several lines of evidence suggest that obstructive sleep apnea is a diagnosis potentially associated with higher nightmare frequency. Somatic experiences are often incorporated into dream reports. As early as 1958, Dement and Wolpert reported the incorporation of exogenous stimuli (auditory tones, flashing lights, and cold water spray) into dream content.
12 This finding of the incorporation of somatosensory stimulation into dream content has been replicated in several studies. [13] [14] [15] Patient groupings with sleep paralysis and those with excessive perspiration are more likely to have dream content reflecting these symptoms.
16 It would be surprising if patients experiencing the most physiologically disruptive of sleep disorders (OSA) did not include those experiences in their dreaming. Patients with sleep apnea can report intense nightmares on waking from apneic events. Anecdotal examples from the author's sleep medicine practice include: "I am buried under the sand and fighting my way to a sur-1.
face that I can't seem to reach. I wake gasping for air." "I'm deep under water that is getting darker and darker.
2.
I'm holding my breath, but I can't any longer. As I breathe in water, I try to scream, but there's no sound. I wake up in a sweat." "I've been put in the refrigerator into a stoppered flask, 3.
formed to the shape of the glass. I'm turning darker by the minute, and then I wake. I'm terribly afraid when I awake." Based on clinical experience, such apnea related nightmares may be uncommon. 17 However, studies have suggested that severe sleep apnea can present with dream enacting behaviors and unpleasant dreams, symptoms that can be eliminated with treatment with continuous positive airway pressure (CPAP).
18 One small study (N = 20) reported that reported violent/highly anxious dreams in patients with severe OSA disappeared when assessed during REMS waking in the sleep laboratory in study patients treated for 2 years with CPAP. 19 Wood et al. described a higher frequency of nightmares reported by patients with diagnoses of asthma and chronic obstructive pulmonary disease. 20 Gross and Lavie found that dreams are more likely to be reported after apneas and these dreams were more likely to have negative content than the dreams of a control population.
21 McFarland and Wilson reported that patients with waking respiratory problems were more likely to dream of suffocating and choking than other sleep laboratory patients; however, this finding was not present in patients with sleep apnea.
16
Frequent nightmares are the most common symptom of posttraumatic stress disorder (PTSD).
22-24 Sleep apnea has been reported to affect up to 56% of PTSD patients. 25 Krakow et al .reported that 90% of a population of sexual assault survivors with PTSD have presumptive sleep disordered breathing based on symptomatology.
26 A smaller study by the same authors utilizing standard polysomnography found significant OSA in 40 of 44 crime victims suffering from PTSD.
27 Individuals reporting recurrent nightmares diagnosed with mild OSA based on apnea screening have been reported to have a significant improvement in both sleep and daytime well being with treatment of their OSA with CPAP.
28 Nightmares have been proposed as symptomatic of a disordered emotional processing system in patients with PTSD.
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Studies Suggesting oSA Is Associated with Decreased Dream and Nightmare Recall
Several studies have suggested that OSA patients may report lower dream recall frequency. Pagel and Vann reported both a decline in dream recall frequency and use in waking behaviors by patients with OSA. 30 Authors from the same sleep laboratory have reported that individuals reporting an absolute lack of dream recall are more likely to have OSA. 31 This finding was postulated to be due to the effects of OSA induced sleepiness on dream recall, based on studies demonstrating that the level of arousability has a positive correlation with reported nightmare frequency, and the finding that individuals with shorter sleep latencies on multiple sleep latency testing report lower frequency of dream recall. 32 Hicks and Bautisa found no correlation between reported snoring and nightmare frequency. 33 Schredl et al., in a study of patients with severe apnea (mean respiratory disturbance index [RDI] 34.9) found a significant negative correlation between RDI and reported dream and nightmare recall frequency. 34 A later study by the same author 35 indicted that questionnaire reported pauses in breathing were associated with increased nightmare frequency. MacFarlane and Wilson found no increased incidence of dreams of choking and suffocation among patients with sleep apnea.
16 In a previous study utilizing full-night polysomnography in the sleep laboratory and excluding spilt night studies, both dream and nightmare recall were nonsignificantly reduced in individuals with AHI > 15.
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This study was designed in the attempt to clarify the association of reported nightmare recall with polysomnographically defined OSA in the sleep laboratory population. The literature is supportive of 2 mutually exclusive hypotheses. Either: patients with higher AHI and thus more significant OSA 1.
will report higher levels of nightmare frequency, suggesting that the physiological experience of sleep apnea induces the experience of nightmares, or patients with higher AHI will report lower nightmare fre-2.
quency, indicating that OSA suppresses the cognitive experience of nightmare recall for most patients. This study includes a sample of sufficient size and variable severity of OSA so as to exclude at least one of these hypotheses as to the association of nightmares with OSA.
MeTHoDoLogy
This study included a consecutive series of 393 patients undergoing polysomnography (PSG) at an American Academy of Sleep Medicine (AASM) accredited sleep laboratory over a 2-year period. More than 90% of patients referred to this laboratory are being evaluated for potential OSA, with less than 10% of patients referred for potential narcolepsy, parasomnias, or nocturnal seizure disorders. In an effort to include patients with more severe apnea, this study included patients undergoing split-night studies (204/393 [51.9%] ) in which OSA was diagnosed during a diagnostic portion of ≥ 120 min of untreated sleep and then treated with CPAP during the night of polysomnography. The PSG protocol utilized in this study included: EEG (4 leads, 2 channels), EOG (2 channels), chin and leg EMG, EEG, chest and abdominal strain gauges, snore microphone, positional marking, video taping, transcutaneous pulse oximetry, and oral/nasal airflow recorded by pressure cannula. Apnea hypopnea index (AHI) was based on number of apneas and hypopneas/ hour. Apneas are episodes > 10 sec characterized by total cessation of oral-nasal airflow. Apneas per hour are reported as an apnea index (AI). Hypopneas are respiratory events > 10 sec associated with 4% oxygen desaturation (O 2 sat) and a reduction in airflow signal ≥ 30%. Periodic limb movements were scored based on AASM defined criteria and reported for analysis as number of events per hour in a periodic limb movement index (PLMI).
This retrospective noninvasive study utilizing a de-identified data base was approved by an institutional review board. Pa-tients completed a general intake questionnaire on arrival in the sleep laboratory. Questions on dream and nightmare recall frequency were incorporated into a general sleep questionnaire in an effort to avoid the increase in dream recall frequency seen when questionnaires are specifically oriented towards dreaming. 5 Dream and nightmare recall frequency were rated utilizing a previously validated Likert scale varying from 1 = never, 2 = monthly, 3 = weekly, 4 = twice weekly, to 5 = nightly. 10, 30, 36 Reported dream and nightmare recall frequency was divided into the following categorical descriptions for statistical analysis: infrequent (including responses 1 = never and 2 = monthly), and frequent (including responses 3 = weekly, 4 = twice weekly, and 5 = nightly). Statistical analyses were conducted using SPSS version 16.0. Standard descriptive statistics were run on all variables. A Fisher exact χ 2 test was performed to compare dream and nightmare recall. Normal log transformations were run on AHI, AI, and PLMSI to help normalize the data. For the dream recall and nightmare recall variables, independent sample t-tests were performed to compare those with frequent recall to those with infrequent recall. Pearson χ 2 was run to compare recall by 4 groups within AHI. Significance of all statistical tests was set at p < 0.05.
ReSuLTS
Age was normally distributed, with a mean of 50.5 years and a range of 13 to 82 years. With regard to gender, 33% of the sample was female and 67% was male. The mean AHI was 34.9 (SD = 32.0) indicating a high frequency of severe (AHI > 30) OSA in this clinical study population. Low oxygen saturation was normally distributed, with a mean of 71.8 (SD = 10.4), which was potentially affected by the laboratory location at altitude (4500 ft.). The mean AI was 17.1 (SD = 25.3) and the mean PLMSI was 11.3 (SD = 20.3). With regard to dream and nightmare recall, 205 patients (52%) reported frequent dream recall (at least weekly) and 134 patients (34%) reported frequent nightmare recall. A χ 2 test confirmed that dream recall and nightmare recall are not associated (χ 2 = 0.31, n = 350, p = 0.33). Table 1 shows the results of independent sample t-tests to compare frequency of recall by AHI, Low O 2 Sat, AI, and PLMSI. Both AHI and AI were significantly higher (p < 0.001) for the grouping reporting infrequent nightmare recall. PLMI was also significantly higher (p = 0.034) among those reporting infrequent nightmare recall. Low O 2 Sat means were not significantly different according to nightmare recall. None of these variables were noted to significantly affect the reported frequency of dream recall in this study.
Chi-square analysis was run to compare recall of dreams and nightmares across 4 AHI groups (< 5.0, 5.0-14.9, 15-29.9 , and > 30). There was no difference in the likelihood of recalling dreams across the 4 groups (p = 0.834). The results of comparing nightmare recall by the 4 AHI groups are presented in Table  2 and in Figure 1 . Of individuals with an AHI < 5, 71.4% reported nightmares occurring more than once/week. As the AHI score increased, the percent of participants with frequent nightmare recall decreased linearly. Reported nightmare frequency was compared between high and low recall groupings for both the CPAP treated group and the no-CPAP group. Among those receiving CPAP, mean AHI in patients with frequent nightmare recall was 49.11 and mean AHI was 53.96 among those with infrequent nightmare recall (a nonsignificant difference). However, among patients who did not receive CPAP, AHI was significantly greater (p = 0.001) among those with infrequent recall (mean AHI = 19.81) compared to those with frequent recall (mean AHI 10.90).
DIScuSSIoN
This study clearly supports the hypothesis that sleep laboratory patients with higher AHI and AI report a significantly lower frequency of nightmares. This finding indicates that OSA suppresses the cognitive experience of nightmare recall. This effect on nightmare recall occurs independently of OSA effects on reported dream recall frequency. This is an important and somewhat surprising finding, given studies supporting the alternative contrary hypothesis, and may in part be due to this being one of the first large studies to address both reported dream and nightmare recall frequency in a polysomnography evaluated study population including a high percentage of patients with severe OSA. It should also be noted that the one other large polysomnography-based study including patients with severe OSA also showed a significant decline in nightmare recall in the high RDI grouping. cognitive process of dream incorporation into waking behavior has been proposed to be a frontal cortex-based executive function. 41 However, cognitive deficits are not present in all OSA patients and have been difficult to describe consistently for the disease process.
42 Again, the potential effects of OSA induced cognitive impairment do not explain why worsening OSA should significantly affect nightmare as opposed to dream recall.
While dreaming occurs throughout sleep, nightmares are generally described as a REMS associated parasomnia. 1, 43 REMS is the sleep stage most susceptible to abnormal breathing events, with OSA selectively suppressing REMS.
44 It is the authors' suspicion that diminished REMS in OSA patients is the basis for our finding of decreased frequency of reported nightmares when compared to dreaming. This suggestion could be clarified by further studies addressing the association of REMS percentages and times with dream and nightmare recall in OSA patients. An increase in nightmare recall would be expected as well in OSA patients experiencing increased REMS and restoration of normal sleep after therapy with CPAP. The effects of OSA on reported nightmare recall suggests that studies demonstrating an association of PTSD nightmares with OSA may reflect at least in part dysfunctions of an emotional processing system involving both nightmares and REMS. [25] [26] [27] [28] [29] The potential finding that diminished REMS in OSA patients leading to fewer reported nightmares supports potential functional roles for both REMS and nightmares in emotional neuroregulation.
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Insomniacs are known to have higher nightmare frequency than the general population.
8-10 The low AHI grouping in this study (the grouping least likely to be treated with CPAP) could include a higher proportion of insomniacs referred to the sleep center for polysomnographic evaluation, potentially introducing a selection variable that could account for the lower proportion of nightmares reported by higher AHI patients. Interestingly a significant difference in nightmare frequency based on AHI was even more apparent in the lower AHI -non-CPAP grouping likely to include a higher percentage of insomniacs. This finding indicates that even in this lower AHI grouping not treated in laboratory with CPAP, worsening OSA as characterized by higher AHI had significant negative effects on reported nightmare recall frequency. Other possible confounding variables potentially affecting nightmare recall frequency including PTSD, mood disorder/depression, and medication use are not addressed in this study.
coNcLuSIoN
Sleep laboratory patients with more severe OSA, as based on higher AHI, report a significantly lower frequency of nightmares. This finding indicates that OSA suppresses the cognitive experience of nightmare recall, an effect that occurs independently of OSA effects on reported dream recall frequency. It is postulated that this effect on nightmare recall occurs secondary to the REMS suppression know to occur in patients with significant OSA.
Dream recall is known to increase with dream saliencythe greater novelty, bizarreness, affectiveness, or intensity of an experience-and with waking from a dream experience. 3, 37 Salience and waking from the dream are characteristic of nightmares. Yet this study clearly demonstrates that increasingly severe OSA has a much greater negative effect on reported nightmare recall frequency than it does on reported dream recall.
This finding, that worsening OSA results in a significant decline in reported nightmare recall frequency could potentially be secondary to the effects of OSA in inducing daytime sleepiness. Patients who are more difficult to arouse report lower nightmare frequency. 33 The possibility that OSA associated sleepiness is contributing to lower nightmare recall frequency is also supported by the finding that individuals with shorter sleep latencies on multiple sleep latency testing report lower frequency of dream recall. 32 However, daytime sleepiness is not present in all patients with OSA, with studies reporting excessive sleepiness in 15.5% to 22.5% of middle-aged OSA patients.
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In addition to daytime sleepiness, OSA is known to result in cognitive deficits that include declines in working memory and deficits in frontal cortex executive functions. 
